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VOLTAGE GENERATING CIRCUIT AND
DISPLAY APPARATUS HAVING THE SAME

This application claims priority to Korean Patent Applica-
tion No. 2010-42557, filed on May 6, 2010, and all the ben-
efits accruing therefrom under 35 U.S.C. §119, the contents
of'which are herein incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Exemplary embodiments of the invention relate to a volt-
age generating circuit and a display apparatus having the
voltage generating circuit. More particularly, exemplary
embodiments of the invention relate to a voltage generating
circuit for enhancing a driving reliability of a display appa-
ratus and a display apparatus having the voltage generating
circuit.

2. Description of the Related Art

In order to reduce manufacturing cost ofa panel module for
a display apparatus and decrease a total size thereof, a tech-
nology in which a gate drive circuit is simultaneously formed
at a peripheral area of a panel when a switching element
positioned at a display area of the panel is formed, has been
adapted thereto.

Since the gate drive circuit generates gate signals by select-
ing a clock signal having a continuously varying phase, noise
is generated due to the clock signal during a non-driving
interval. Thus, various circuit structures for removing the
noise generated during the non-driving interval have been
developed.

However, when a temperature of the gate drive circuit is
increased due to a long driving time, a high temperature noise
is generated to the gate signal. Moreover, initial driving
defects may be generated due to a leakage current, which is
generated when a bootstrap is not normally completed, of
transistors applying a low voltage to an output transistor of
the gate drive circuit. The noise of the gate signal and the
initial driving defects may decrease display quality.

BRIEF SUMMARY OF THE INVENTION

Exemplary embodiments of the invention provide a voltage
generating circuit having enhanced driving reliability.

Exemplary embodiments of the invention provide a display
apparatus having the above-mentioned voltage generating
circuit.

In an exemplary embodiment of the invention, a voltage
generating circuit includes a first charge pumping part and a
second charge pumping part. The first charge pumping part
pumps a switching voltage, in response to a reference voltage,
to output a first voltage. The second charge pumping part
pumps the switching voltage, in response to the first voltage,
to output a second voltage that is lower than the first voltage
that is varied in accordance with time.

In an exemplary embodiment, the second charge pumping
part may include a first resistor, a first diode, a second diode,
a first capacitor and a second capacitor. The first resistor is
directly connected to the first charge pumping part. The first
diode has a cathode connected to the first resistor in series.
The second diode has a cathode connected to an anode of the
first diode, and an anode connected to an output terminal of
the second charge pumping part outputting the second volt-
age. The first capacitor has a first terminal connected between
the first and second diodes, and a second terminal connected
to aninput terminal of the second charge pumping part receiv-
ing the switching voltage. The second capacitor has a first
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terminal connected to the output terminal of the second
charge pumping part, and a second terminal connected to a
reference terminal receiving the reference voltage.

In an exemplary embodiment, the second charge pumping
part may further include a third capacitor connected between
a cathode of the first diode and the reference terminal.

In an exemplary embodiment, the second charge pumping
part may further include a second resistor connected to the
first resistor in parallel and configured to have a resistance
value that is decreased as a temperature is increased.

In an exemplary embodiment, the second charge pumping
part may include a first diode, a second diode, a first resistor,
a first capacitor and a second capacitor. The first diode has a
cathode connected directly to the first charge pumping part.
The second diode has a cathode connected to an anode of the
first diode. The first resistor has a first terminal connected to
an anode of the second diode. The first capacitor has a first
terminal connected between the first and second diodes, and
a second terminal connected to an input terminal of the sec-
ond charge pumping part receiving the switching voltage. The
second capacitor has a first terminal connected to the first
resistor, and a second terminal connected to a reference ter-
minal receiving the reference voltage. A first directional path
is formed between a cathode of the first diode and a second
terminal of the first resistor.

In an exemplary embodiment, the second charge pumping
part may further include a third capacitor connected to the
second terminal of the first resistor and the reference terminal.

In an exemplary embodiment, the second charge pumping
part may further include an output terminal outputting a third
voltage, in which the switching voltage is pumped in response
to the first voltage.

In an exemplary embodiment, the second charge pumping
part may further include a second resistor connected to the
first resistor in parallel, and the second resistor has a resis-
tance value that is decreased as a temperature is increased.

In another exemplary embodiment of the invention, a dis-
play apparatus includes a display panel, a source drive circuit,
a voltage generating circuit and a gate drive circuit. The
display panel includes a display area on which gate wiring,
and source wiring crossing the gate wirings are disposed to
display images, and a peripheral area surrounding the display
area. The source drive circuit outputs a plurality of data sig-
nals to the source wiring. The voltage generating circuit
includes a first charge pumping part and a second charge
pumping part. The first charge pumping part pumps a switch-
ing voltage, in response to a reference voltage, to output a first
voltage. The second charge pumping part pumps the switch-
ing voltage, in response to the first voltage, to output a second
voltage that is lower than the first voltage that is varied in
accordance with time. The gate drive circuit is integrated on
the peripheral area to generate a gate signal. The gate drive
circuit provides the gate wiring with a gate signal of a high
level at a first interval, and provides the gate wiring with a gate
signal of a low level based on the first and second voltages at
a second interval.

In an exemplary embodiment, the second charge pumping
part may include a first resistor, a first diode, a second diode,
a first capacitor and a second capacitor. The first resistor is
connected directly to the first charge pumping part. The first
diode has a cathode connected to the first resistor in series.
The second diode has a cathode connected to an anode of the
first diode, and an anode connected to an output terminal of
the second charge pumping part outputting the second volt-
age. The first capacitor has a first terminal connected between
the first and second diodes, and a second terminal connected
to an input terminal of the second charge pumping part receiv-
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ing the switching voltage. The second capacitor has a first
terminal connected to the output terminal of the second
charge pumping part, and a second terminal connected to a
reference terminal receiving the reference voltage.

In an exemplary embodiment, the second charge pumping
part may further include a second resistor connected to the
first resistor in parallel, and the second resistor has a resis-
tance value that is decreased as a temperature is increased.

In an exemplary embodiment, the second charge pumping
part may include a first diode, a second diode, a first resistor,
a first capacitor and a second capacitor. The first diode has a
cathode connected directly to the first charge pumping part.
The second diode has a cathode connected to an anode of the
first diode. The first resistor has a first terminal connected to
an anode of the second diode. The first capacitor has a first
terminal connected between the first and second diodes, and
a second terminal connected to an input terminal of the sec-
ond charge pumping part receiving the switching voltage. The
second capacitor has a first terminal connected to the first
resistor, and a second terminal connected to a reference ter-
minal receiving the reference voltage. A first directional path
is formed between a cathode of the first diode and a second
terminal of the first resistor.

In an exemplary embodiment, the second charge pumping
part may further include an output terminal outputting a third
voltage, in which the switching voltage is pumped in response
to the first voltage.

In an exemplary embodiment, the third voltage is a clock
signal of'a low level.

In an exemplary embodiment, the second charge pumping
part may further include a second resistor connected to the
first resistor in parallel, and the second resistor has a resis-
tance value that is decreased as a temperature is increased.

In an example embodiment, the gate drive circuit may
include a plurality of stages. Each of the stages may include a
pull-up part, a pull-down part, a first maintaining part, and a
second maintaining part. The pull-up part outputs a high
voltage of a clock signal as a high voltage of a gate signal in
response to a high voltage of a first node. The pull-down part
pulls down the high voltage of the gate signal to the first
voltage, in response to a high voltage of a carry signal of one
of the stages corresponding to a following stage. The first
maintaining part maintains the voltage of the gate signal to the
first voltage, in response to the clock signal. The second
maintaining part maintains a voltage of the first node to the
second voltage, in response to the clock signal.

In an exemplary embodiment, the each stage may further
include a carry part and a discharging part. The carry part
outputs the clock signal as a carry signal, in response to the
voltage of the first node. The discharging part discharges the
voltage of the first node to the second voltage, in response to
a carry signal of the one of the stages corresponding to the
following stage.

In an exemplary embodiment, the stage may further
include a third maintaining part, a fourth maintaining part and
a fifth maintaining part. The third maintaining part maintains
the voltage of the first node to the second voltage, in response
to a carry signal of one of the stages corresponding to a
previous stage. The fourth maintaining part maintains the
voltage of the first node to the second voltage, in response to
the carry signal of the one of the stages corresponding to the
following stage. The fifth maintaining part maintains an out-
put voltage of the carry part to the second voltage, in response
to the carry signal ofthe one of the stages corresponding to the
following stage.

In an exemplary embodiment, the each stage may further
include a switching part discharging a voltage of a second
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node to the first voltage during the first interval in which a
high voltage of the carry signal is outputted, and applying a
signal synchronized with the clock signal to the second node
during the remaining interval except the first interval.

In an exemplary embodiment, the each stage may further
include a buffer part and a charging part. The buffer part
applies a carry signal of one of the stages corresponding to a
previous stage to the first node, in response to a carry signal of
one of the stages corresponding to the previous stage. The
charging part is connected between the first node and an
output part of the pull-up part.

According to exemplary embodiments, a voltage generat-
ing circuit and a display apparatus including the voltage gen-
erating circuit, since a difference between a first voltage and
a second voltage that are applied to the gate drive circuit is
small after the gate drive circuit is initially driven, power
consumption of the gate drive circuit may be reduced and
initial driving defects of the gate drive circuit may be reduced
or effectively prevented. Moreover, the interval voltage
between the first voltage and the second voltage that are
applied to the gate drive circuit is increased as time elapses, so
that a high temperature margin may be secured. Thus, a
driving reliability of the display apparatus may be enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the inven-
tion will become more apparent by describing in detailed
exemplary embodiments thereof with reference to the accom-
panying drawings, in which:

FIG. 1 is an exemplary embodiment of a plan view sche-
matically showing a display apparatus, according to the
invention;

FIG. 2 is a circuit diagram showing an exemplary embodi-
ment of the voltage generating circuit of FIG. 1;

FIG. 3 is a waveform diagram showing an exemplary
embodiment of a clock signal generated by using a second
voltage of FIG. 2;

FIG. 4 is a block diagram showing an exemplary embodi-
ment of the gate driving circuit of FIG. 1;

FIG. 5 is a circuit diagram showing an exemplary embodi-
ment of a stage of FIG. 4;

FIG. 6 is waveform diagrams showing an exemplary
embodiment of input/output signals of the gate driving circuit
of FIG. 4;

FIG. 7 is a circuit diagram showing another exemplary
embodiment of a voltage generating circuit, according to the
invention;

FIG. 8 is a circuit diagram showing another exemplary
embodiment of a voltage generating circuit, according to the
invention;

FIG. 9 is a waveform diagram showing an exemplary
embodiment of a clock signal generated by using the third
voltage of FIG. 8;

FIG. 10 is waveform diagrams showing an exemplary
embodiment of input/output signals of a gate driving circuit
which uses output voltages of FIG. 8;

FIG. 11 is a circuit diagram showing another exemplary
embodiment of a voltage generating circuit, according to the
invention;

FIG. 12 is a circuit diagram showing another exemplary
embodiment of a voltage generating circuit, according to the
invention;

FIG. 13 is a circuit diagram showing a voltage generating
circuit according to a comparative embodiment;



US 9,106,126 B2

5

FIG. 14A is a waveform diagram showing a relationship
between time and a second voltage of a sample circuit of a
voltage generating circuit in FIG. 2;

FIG. 14B is a waveform diagram showing a relationship
between temperature and the second voltage of a sample
circuit of a voltage generating circuit in FIG. 2;

FIG. 15 is a waveform diagram showing a relationship
between time and a second voltage of a first sample circuit of
a voltage generating circuit in FIG. 12;

FIG. 16 is a waveform diagram showing a relationship
between time and a second voltage of a second sample circuit
of a voltage generating circuit in FIG. 12; and

FIG. 17 is a graph showing a simulation result for compar-
ing power consumption by a sample circuit in FIG. 2, and
power consumption by a sample circuit according to a com-
parative embodiment.

DETAILED DESCRIPTION OF THE INVENTION

The invention is described more fully hereinafter with ref-
erence to the accompanying drawings, in which exemplary
embodiments of the invention are shown. This invention may,
however, be embodied in many different forms and should not
be construed as limited to the exemplary embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art. In
the drawings, the size and relative sizes of layers and regions
may be exaggerated for clarity.

It will be understood that when an element or layer is
referred to as being “on” or “connected to” another element or
layer, the element or layer can be directly on or connected to
another element or layer or intervening elements or layers. In
contrast, when an element is referred to as being “directly on”
or “directly connected to” another element or layer, there are
no intervening elements or layers present. As used herein,
connected may refer to elements being physically and/or
electrically connected to each other. Like numbers refer to
like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

It will be understood that, although the terms first, second,
third, etc., may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another region, layer or section. Thus, a first element, com-
ponent, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the invention.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a,”“an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising,” when used in this specification, specify the presence
of stated features, integers, steps, operations, elements, and/
or components, but do not preclude the presence or addition
of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
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6

naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

All methods described herein can be performed in a suit-
able order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as™), is
intended merely to better illustrate the invention and does not
pose a limitation on the scope of the invention unless other-
wise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention as used herein.

Hereinafter, the invention will be explained in detail with
reference to the accompanying drawings.

FIG. 1is a plan view schematically showing an exemplary
embodiment of a display apparatus, according to the inven-
tion.

Referring to FIG. 1, the display apparatus includes a dis-
play panel 100, a gate drive circuit 200, a source drive circuit
400 and a printed circuit board (“PCB”) 500.

The display panel 100 includes a display area DA and a
peripheral area PA surrounding and excluding the display
area DA. A plurality of a gate wiring GL, a plurality of a
source wiring DL and a plurality of a pixel part P are disposed
within the display area DA. The gate wirings GL and the
source wirings DL are crossed with each other, in a plan view
of'the display panel 100. Each of the pixel parts P includes a
switching element TR electrically connected to a gate wiring
GL and a source wiring DL, a liquid crystal capacitor CLC
electrically connected to the switching element TR, and a
storage capacitor CST electrically connected to the liquid
crystal capacitor CL.C in parallel.

The gate drive circuit 200 includes a shift register which
sequentially outputs gate signals of a high level to the gate
wirings GL. The shift register includes a plurality of stages
SRCm-1, SRCm and SRCm+1, wherein ‘m’ is a natural
number. The gate drive circuit 200 is integrated (e.g., directly)
onthe peripheral area PA adjacent to a first terminal portion of
the gate wirings GL.

The source drive circuit 400 includes a source drive chip
410 and a flexible circuit substrate 430. The source drive chip
410 is mounted on the flexible circuit substrate 430 to provide
the source wirings DL with data signals. The flexible circuit
substrate 430 is physically and/or electrically contacted with
the PCB 500 and the display panel 100. In the illustrated
exemplary embodiment, the source drive chip 410 is mounted
on the flexible circuit substrate 430. Alternatively, the source
drive chip 410 may be directly mounted on the display panel
100. Further alternatively, the source drive chip 410 may be
directly integrated on the peripheral area PA of the display
panel 100.

The PCB 500 may include a voltage generating circuit 510,
a high voltage generating circuit 570 and a clock signal gen-
erating circuit 590.

The voltage generating circuit 510 generates a first voltage
and a second voltage. In this case, the second voltage is lower
than the first voltage. The voltage generating circuit 510
includes a first charge pumping part and a second charge
pumping part. The first charge pumping part pumps a switch-
ing voltage based on a reference voltage to output the first
voltage. Here, the first voltage is generated regardless of the
second voltage. The second charge pumping part may include
afirst resistor connected to a first terminal thereof to pump the
switching voltage based on the first voltage, and outputs a
second voltage varied in accordance with time by the first
resistor.
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The high voltage generating circuit 570 generates a high
voltage.

The first voltage, the second voltage and the high voltage
that are generated by the voltage generating circuit 510 and
the high voltage generating circuit 570 may be selectively
provided to the gate drive circuit 200 and the clock signal
generating circuit 590.

In one exemplary embodiment, for example, the clock
signal generating circuit 590 receives the second voltage and
the high voltage respectively from the voltage generating
circuit 510 and the high voltage generating circuit 570 to
generate a clock signal. The generated clock signal is pro-
vided to the gate drive circuit 200.

The gate drive circuit 200 receives the first voltage, the
second voltage and the high voltage generated from the volt-
age generating circuit 510 and the high voltage generating
circuit 570, and receives the clock signal from the clock signal
generating circuit 590.

FIG. 2 is a circuit diagram showing an exemplary embodi-
ment of the voltage generating circuit 510 of FIG. 1.

Referring to FIGS. 1 and 2, the voltage generating circuit
510 generates the first voltage VSS1 and the second voltage
VSS2 based on a switching voltage SW.

The voltage generating circuit 510 includes a first charge
pumping part 511 and a second charge pumping part 513. The
second charge pumping part 513 includes a varying part VP1.

The first charge pumping part 511 has a first reference
terminal REF1, a first input terminal I1 and a first output
terminal O1, and the second charge pumping part 513
includes a second reference terminal REF2, a second input
terminal 12 and a second output terminal O2. The varying part
VP1 is electrically disposed between the first output terminal
01 and the second reference terminal REF2, as shown in FIG.
2. When the switching voltage SW is applied to the first input
terminal 11 and the second input terminal 12, the first voltage
VSS1 is outputted through the first output terminal O1 and the
second voltage VSS2 is outputted through the second output
terminal O2.

The charge pumping part 511 includes a first diode D1, a
second diode D2 and a first capacitor C1. A first terminal of
the first capacitor C1 is electrically connected between the
first and second diodes D1 and D2. In the illustrated exem-
plary embodiment, an anode ofthe first diode D1 is connected
to acathode of the second diode D2. The first charge pumping
part 511 may further include a second capacitor C2 connected
to an anode of the second diode D2.

A cathode of the first diode D1 represents the first reference
terminal REF1, a second terminal of the first capacitor C1
represents the first input terminal 11, and an anode of the
second diode D2 represents the first output terminal O1.

The first reference terminal REF1 and a second terminal of
the second capacitor C2 are connected to each other to receive
areference voltage, and the first input terminal I1 may receive
the switching voltage SW. Here, the reference voltage may be
a ground voltage.

The charge pumping part 513 includes a third diode D3, a
fourth diode D4, and a third capacitor C3. A first terminal of
the third capacitor C3 is electrically connected between the
third and fourth diodes D3 and D4. In the illustrated exem-
plary embodiment, an anode of the third diode D3 is con-
nected to a cathode of the fourth diode D4. The second charge
pumping part 513 may further include a fourth capacitor C4
connected to an anode of the fourth diode D4.

A cathode of the third diode D3 represents the second
reference terminal REF2, a second terminal of the third
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capacitor C3 represents the second input terminal 12, and an
anode of the fourth diode D4 represents the second output
terminal O2.

The second charge pumping part 513 may further include a
fifth capacitor C5 including a first terminal connected to the
second reference terminal REF2 and a second terminal con-
nected to the first reference terminal REF1 of the first charge
pumping part 511. Thus, a second terminal of the fifth capaci-
tor C5 and a second terminal of the fourth capacitor C4 may
be grounded. Moreover, the switching voltage SW may be
applied to the second input terminal 12.

The varying part VP1 electrically connected between the
second reference terminal REF2 and the first output terminal
O1 may include a first resistor R1 and a second resistor R2
that are electrically connected to each other in parallel. In the
illustrated exemplary embodiment, the second resistor R2
may include a negative temperature coefficient (“NTC”) ther-
mistor as a varying resistor. Where the second resistor R2
includes a NTC thermistor as a varying resistor, since the first
resistor R1 is a fixed resistor, a parallel resistance of the first
resistor R1 and the second resistor R2 may be designed to
have a smaller resistance than a resistance of the first resistor
R1, even though a resistance of the NTC thermistor is great.
That is, the first resistor R1 may play a role of stabilizing
voltage when a resistance value of the NTC thermistor, that s,
the second resistor R2, is varied.

The switching voltage SW may be a pulse width modula-
tion (“PWM?”) signal having a level of about 0 volt (V) to
about 7 volts (V).

In one exemplary embodiment, for example, the first volt-
age VSS1 of about -5.4 V is outputted through the first output
terminal O1. A second reference voltage of about —4.1 V is
applied to the second reference terminal REF2 by the varying
part VP1, and the second voltage VSS2 of about -9.5 V is
outputted through the second output terminal O2.

Where the second voltage VSS2 of about 9.5 V is output-
ted through the second output terminal O2 as described
above, the first and second resistors R1 and R2 are deterio-
rated or a temperature of the second resistor R2 is increased
over time, so that resistance values of the first and second
resistors R1 and R2 are decreased. As a result, due to an aging
of the voltage generating circuit 510, the second voltage
VSS2 may be about —-10.5 V.

FIG. 3 is a waveform diagram showing an exemplary
embodiment a clock signal generated by using a second volt-
age of FIG. 2.

Referring to FIGS. 1 to 3, the clock signal generating part
590 receives a high voltage VDD generated at the high volt-
age generating circuit 570 and a second voltage VSS2 gener-
ated at the voltage generating circuit 510, and generates a
clock signal CK repeatedly which has the high voltage VDD
and the second voltage VSS2.

Inthis case, the first voltage VSS1 generated by the voltage
generating circuit 510 may be in a range of about -5.4 V to
about -5.6 V, and the second voltage VSS2 may be tempo-
rarily varied.

Where the clock signal generating part 590 generates a
clock signal CK repeatedly which has the high voltage VDD
and the second voltage VSS2 as described above, the clock
signal CK may be represented as an initial clock signal CK_1
when the gate drive circuit 200 is initially driven, and the
clock signal CK may be represented as a latter clock signal
CK_2 after an aging of the gate drive circuit 200. The aging of
the gate drive circuit 200 may refer to a driving of about 3,000
hours after an initial driving.

In one exemplary embodiment, for example, the second
voltage VSS2 of the initial clock signal CK_1 has a second
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initial voltage VSS2_1 when the gate drive circuit 200 is
initially driven. In this case, the second initial voltage
VSS2_1 may be in a range of about -8.3 V to about -9.8 V.

As the gate drive circuit 200 is driven and time elapses, the
second voltage VSS2 of the clock signal CK is gradually
decreased to be smaller than the second initial voltage
VSS2_1. Then, the clock signal CK is the latter clock signal
CK_2, and the second voltage VSS2 is a second latter voltage
VSS2_2. In this case, the second latter voltage VSS2_2 is
about -10.5V.

As aresult, the second latter voltage VSS2_2 is lower than
a second initial voltage VSS2_1. It is because a resistance of
the second resistor R2 that is a negative NTC thermistor is
decreased, and a combined resistance of the first and second
resistors R1 and R2 that are connected in parallel with each
other is decreased, when a temperature of the voltage gener-
ating circuit 500 is increased over time.

FIG. 4 is a block diagram showing an exemplary embodi-
ment of the gate driving circuit of FIG. 1.

Referring to FIGS. 1 and 4, the gate drive circuit 200
includes a shift register including first to n-th stages
SRC1~SRCn that are connected one after another to each
other, a first dummy stage SRCd1 and a second dummy stage
SRCaz2.

The firstto n-th stages SRC1~SRCn are connected to n gate
lines, respectively, to sequentially output n gate signals to the
gate wirings. The first and second dummy stages SRCd1 and
SRCd2 control a driving of the n-th stage SRCn. In the illus-
trated exemplary embodiment, the first and second dummy
stages SRCdA1 and SRCd2 are not connected to the gate wir-
ings.

Each ofthe stages includes a clock terminal CT, afirstinput
terminal In1, a second input terminal IN2, a third input ter-
minal IN3, a first voltage terminal VT1, a second voltage
terminal VT2, a first output terminal OT1 and a second output
terminal OT2.

The clock terminal CT receives a clock signal CK, or a
clock signal having a phase opposite to the clock signal CK.
In one exemplary embodiment, for example, the clock termi-
nal CT may receive an opposite clock signal CKB having a
phase opposite to the clock signal CK. Additionally, for
example, the clock terminals CTs of odd-numbered stages
SRC1, SRC3, . . ., SRCd1 receive the clock signal CK, and
the clock terminals CTs of even-numbered stages SRC2,
SRC4, . . ., SRCA2 receive the opposite clock signal CKB.
The clock signal CK may be defined by a high voltage VDD
and the second voltage VSS2. Here, the second voltage VSS2
after the gate drive circuit 200 is initially driven, is greater
than the second voltage VSS2 after the gate drive circuit 200
is aged.

The first input terminal IN1 receives a vertical start signal
STV or a carry signal of a previous stage. In one exemplary
embodiment, for example, in a case of a first stage, the first
input terminal IN1 of the first stage SRC1 receives the vertical
start signal STV, and the first input terminals IN1 of the
second to n-th stages, the first dummy stage and the second
dummy stage SRC2~SRCn, SRCd1 and SRCd2 receive a
carry signal of a previous stage, respectively.

The second input terminal IN2 receives a carry signal of a
following stage or a vertical start signal STV. The second
input terminal IN2 of'the first to n-th stages SRC1~SRCn and
the first dummy stage SRCd1 receive an output signal of a
following stage, respectively, the second input terminal IN2
of the second dummy stage STV receives the vertical start
signal STV. The vertical start signal STV received at the
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second input terminal IN2 of the second dummy stage SRCd2
may be a vertical start signal corresponding to a following
frame.

The third input terminal IN3 receives a carry signal of a
next following stage. The third input terminals IN3 of the first
to n-th stages SRC1~SRCn receive a carry signal of a next
following stage. The first and second dummy stages SRCd1
and SRCd2 do not include the third input terminal IN3.

A first voltage terminal VT1 of each of the first to n-th
stages SRC1~SRCn, the first dummy stage SRCd1 and the
second dummy stage SRCd2 receives the first voltage VSS1.
The first voltage VSS1 has a first low level. The first low level
may be about -5.4 V to about -5.6 V. The first low level
corresponds to a discharge level of a gate signal.

The second voltage terminal VT2 of each of the first to n-th
stages SRC1~SRCn, the first dummy stage SRCd1 and the
second dummy stage SRCd2 receives a second voltage VSS2
having a second low level, that is lower than the first low level.
The second low level is about -8.3 V to about -10.5 V. The
second low level corresponds to a voltage of a first node Q
included in the stage (hereinafter, referred to as Q node), the
vertical start signal STV, the carry signal and a discharge level
of the clock signal CK.

The first output terminal OT1 is electrically connected to a
corresponding gate wiring G1~Gn, to output a gate signal.
That is, the first output terminals OT1 of the first to n-th stages
SRC1~SRCn are respectively connected to n gate wirings,
G1~Gn, to sequentially output n gate signals to the gate
wirings G1~Gn. As illustrated in FIG. 4, the first output
terminals OT1 of the first and second dummy stages SRCd1
and STCd2 may be electrically floated.

The second output terminal OT2 of each of the first to n-th
stages SRC1~SRCn, the first dummy stage SRCd1 and the
second dummy stage SRCd2 outputs the carry signal. The
second output terminal OT?2 is electrically connected to the
first input terminal IN1 of a directly following stage, is elec-
trically connected to the second input terminal IN2 of a
directly previous stage, and is electrically connected to the
third input terminal IN3 of a second previous stage.

FIG. 5 is a circuit diagram showing an exemplary embodi-
ment of a stage of FIG. 4. FIG. 6 is waveform diagrams
showing an exemplary embodiment of input/output signals of
the gate driving circuit of FIG. 4.

Referring to FIGS. 4 to 6, an m-th stage SRCm includes a
buffer part 210, a charging part 220, a pull-up part 230, a carry
part 240, a discharging part 250, a pull-down part 260, a
switching part 270, a first maintaining part 281, a second
maintaining part 282, a third maintaining part 283, a fourth
maintaining part 284 and a fifth maintaining part 285.

The buffer part 210 includes a fourth transistor T4. The
fourth transistor T4 includes a control part and an input part
that are connected to the first input terminal IN1 receiving
(m-1)-th carry signal CRm~-1, and an output part connected
to a Q node Q. The Q node is connected to a first terminal of
the charging part 220. When the buffer part 210 receives a
high voltage VDD of the vertical signal STV, the charging
part 220 is charged with a first voltage V1 corresponding to
the high voltage VDD.

The pull-up part 230 includes a first transistor T1. The first
transistor T1 includes a control part connected to the Q node
Q, an input part connected to the clock terminal CT, and an
output part connected to an output node O. A control part of
the pull-up part 230 is connected to a first terminal of the
charging part 220, and the output node O is connected to the
first output terminal OT1. A first terminal of the charging part
220 is connected to the Q node Q, and a second terminal of the
charging part 220 is connected to the output node O.



US 9,106,126 B2

11

When a high voltage VDD of the clock signal CK is
received at the clock terminal CT in a state that a first voltage
V1 charged at the charging part 220 is applied to a control part
of'the pull-up part 230, the pull-up part 230 is bootstrapped. In
this case, the Q node Q connected to the control part of the
pull-up part 230 is boosted from the first voltage V1 to a
boosting voltage VBT. That is, the Q node Q has the first
voltage V1 at an (m-1)-th interval Tm-1, and the boosting
voltage VBT at an m-th interval Tm.

During the m-th interval Tm in which the boosting voltage
VBT is applied to the control part of the pull-up part 230, the
pull-up part 230 outputs the high voltage VDD of the clock
signal CK as a high voltage VDD of the m-th gate signal Gm.

The carry part 240 includes a fifteenth transistor T15. The
fifteenth transistor T15 includes a control part connected to
the Q node Q, an input part connected to the clock terminal
CT, and an output part connected to a second output terminal
OT2. When a high voltage is applied to the Q node Q, the
second carry part 240 outputs a high voltage VDD of the clock
signal CK received at the clock terminal CT as an m-th carry
signal CRm.

The discharging part 250 includes a ninth transistor T9 and
a sixteenth transistor T16. The ninth transistor T9 includes a
control part connected to the second input terminal IN2, an
input part connected to the Q node Q, and an output part
connected to the sixteenth transistor T16. The sixteenth tran-
sistor T16 includes a control part and an input part that are
commonly connected to the output part of the ninth transistor
T9, and an output part connected to a second voltage terminal
VT2. When an (m+1)-th carry signal CRm+1 is received
through the second input terminal IN2 of the discharging part
250, the discharging part 250 discharges a voltage of the Q
node Q to the second voltage VSS2 applied to the second
voltage terminal VT2.

In this case, the second voltage VSS2 after the gate drive
circuit 200 is driven is greater than the second voltage VSS2
after the gate drive circuit 200 is aged. Thus, since a difference
between the first voltage VSS1 and the second voltage VSS2
is small after the gate drive circuit 200 is driven, a leakage
current of the ninth transistor T9 may be reduced. Therefore,
initial driving defects may be reduced or effectively pre-
vented, which will be generated due to that a bootstrap of the
Q node Q is not normally completed.

The pull-down part 260 includes a second transistor T2.
The second transistor T2 includes a control part connected to
the second input terminal IN2, an input part connected to the
output node O, and an output part connected to the first
voltage terminal VT1. In one exemplary embodiment, for
example, in the second transistor T2, the control part, the
input part and the output part are a gate, a source and a drain,
respectively. When the (m+1)-th carry signal CRm+1 is
received at the second input terminal IN2, the pull-down part
260 discharges a voltage of the output node O into the first
voltage VSS1 applied to the first voltage terminal VT1.

The switching part 270 includes a twelfth transistor T12, a
seventh transistor T7, a thirteenth transistor T13 and an eighth
transistor T8. A control part and an input part of the twelfth
transistor T12 are connected to the clock terminal CT, and an
output part of the twelfth transistor T12 is connected to an
input part of the thirteenth transistor T13 and the seventh
transistor T7. A control part of the seventh transistor T7 is
connected to an output part of the twelfth transistor T12, an
input part of the seventh transistor T7 is connected to the
clock terminal CT, and an output part of the seventh transistor
T7 is connected to an input part of the eighth transistor T8. An
output part of the seventh transistor T7 is connected to an N
node N. The thirteenth transistor T13 includes a control part
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connected to a C node C connected to the second output node
OT2, an input part connected to a twelfth transistor T12, and
an output part connected to the first voltage terminal VT1. The
eighth transistor T8 includes a control part connected to the C
node C, the input part connected to the N node N, and an
output part connected to the first voltage terminal VT1.

The switching part 270 discharges the clock signal CK
received at the clock terminal CT into the first voltage VSS1
applied to the first voltage terminal VT1, during an m-th
interval Tm of a frame in which a high voltage is applied to the
C node C. That is, the eighth and thirteenth transistors T8 and
T13 are turned on in response to a high voltage applied to the
C node C, and thus the clock signal CK of the N node N is
discharged into the first voltage VSS1.

During the remaining interval of the frame in which a
voltage is applied to the C node C, an m-th node signal CKNm
is applied to the N node N, which has a phase substantially the
same as that of the clock signal CK received at the clock
terminal CT. That is, when a voltage is applied to the C node
C, the eighth and thirteenth transistors T8 and T13 are turned
on, and thus the m-th node signal CKNm having a lower level
than the high voltage VDD of the clock signal CK is applied
to the N node N. Since the clock signal CK is transmitted
through the seventh and twelfth transistors T7 and T12 and
parasitic capacitors, a high voltage Vdd of the m-th node
signal CKNm is lower than a level of the high voltage VDD of
the clock signal CK.

The first maintaining part 281 includes a third transistor
T3. The third transistor T3 includes a control part connected
to the N node N, an input part connected to the output node O,
and an output part connected to the first voltage terminal VT1.
The first maintaining part 281 maintains a voltage of the
output node O to the first voltage VSS1 inresponse to the m-th
node signal CKNm during the remaining interval of the
frame.

The second maintaining part 282 includes a tenth transistor
T10. The tenth transistor T10 includes a control part con-
nected to the N node N, an input part connected to the Q node
Q, and an output part connected to the second voltage termi-
nal VT2. The second maintaining part 282 maintains a volt-
age of the Q node Q to the second voltage VSS2 in response
to the m-th node signal CKNm during the remaining interval
of the frame. A phase of the m-th node signal CKNm is
substantially equal to that of the clock signal CK during the
remaining interval of the frame.

In this case, the second voltage VSS2 after the gate drive
circuit 200 is initially driven, is greater than the second volt-
age VSS2 after the gate drive circuit 200 is aged. Thus, since
a difference between the first voltage VSS1 and the second
voltage VSS2 is small after the gate drive circuit 200 is ini-
tially driven, a leakage current of the tenth transistor T10 may
be reduced. Therefore, initial driving defects may be reduced
or effectively prevented, which will be generated due to that a
bootstrap of the Q node Q is not normally completed.

The third maintaining part 283 includes a fifth transistor
T5. The fifth transistor T5 includes a control part connected to
the first input terminal IN1, an input part connected to the N
node N, and an output part connected to the second voltage
terminal VT2. The third maintaining part 283 maintains a
voltage of the N mode N to the second voltage VSS2 in
response to the (m-1)-th carry signal CRm-1.

The fourth maintaining part 284 includes a sixth transistor
T6. The sixth transistor T6 includes a control part connected
to the third input terminal IN3, an input part connected to the
Qnode Q, and an output part connected to the second voltage
terminal VT2. The fourth maintaining part 284 maintains a
voltage of the Q node Q to the second voltage VSS2 in
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response to an (m+2)-th carry signal CRm+2 received at the
third input terminal IN3 during the remaining interval of the
frame.

In this case, the second voltage VSS2 after the gate drive
circuit 200 is initially driven is greater than the second voltage
VSS2 after the gate drive circuit 200 is aged. Thus, since a
difference between the first voltage VSS1 and the second
voltage VSS2 is small after the gate drive circuit 200 is ini-
tially driven, a leakage current of the sixth transistor T6 may
be reduced. Therefore, initial driving defects may be reduced
or effectively prevented, which will be generated due to that a
bootstrap of the Q node Q is not normally completed.

The fifth maintaining part 285 includes a seventeenth tran-
sistor T17. The seventeenth transistor T17 includes a control
part connected to the second input terminal IN2, an input part
connected to the Q node Q, and an output part connected to
the second voltage terminal VT2. The fifth maintaining part
285 maintains a voltage of the Q node Q to the second voltage
VSS2 in response to an (m+1)-th carry signal CRm+1 during
the remaining interval of the frame.

As aresult, according to the illustrated exemplary embodi-
ment, an interval voltage between the first voltage VSS1 and
the second voltage VSS2 is decreased when the gate drive
circuit 200 is initially driven, power consumption of the gate
drive circuit 200 may be decreased. In addition, leakage cur-
rent of the sixth transistor T6, the ninth transistor T9 and the
tenth transistor T10 may be reduced or eftectively prevented,
which will be generated when the gate drive circuit 200 is
initially driven. Thus, initial driving defects such as low tem-
perature defects may be reduced or effectively prevented,
which will be generated due to that a bootstrap of the Q node
Q is not normally completed.

When the gate drive circuit 200 is aged, the interval voltage
between the first voltage VSS1 and the second voltage VSS2
is increased so that it may maintain a gate/source voltage VGS
of the pull-up part 230 to a negative status. Accordingly, a
high temperature margin may be secured.

FIG. 7 is a circuit diagram showing another exemplary
embodiment of a voltage generating circuit, according to the
invention.

In the illustrated exemplary embodiment, a waveform dia-
gram of a clock signal, a gate drive circuit, a plurality of stages
included in the gate drive circuit and waveform diagrams of
input/output signals of the gate drive circuit are substantially
the same as in FIGS. 3, 4, 5 and 6. Thus, any further expla-
nations concerning the above will be omitted.

The display apparatus according to the illustrated exem-
plary embodiment is substantially the same as the display
apparatus of FIG. 1 except that the display apparatus accord-
ing to the illustrated exemplary embodiment includes the
voltage generating circuit 520 instead of the voltage generat-
ing circuit 510 of FIG. 2, and thus any repetitive detailed
description thereof will be omitted.

Referring to FIGS. 1, 2 and 7, the voltage generating circuit
520 generates the first voltage VSS1 and the second voltage
VSS2 based on a switching voltage SW.

The voltage generating circuit 520 includes a first charge
pumping part 511 and a second charge pumping part 523. The
second charge pumping part 523 includes a varying part VP2.

The second charge pumping part 523, and the voltage
generating circuit 520 including the second charge pumping
part 523 are substantially the same as the second charge
pumping part 513 and the voltage generating circuit 510
including the second charge pumping part 513 of FIG. 2,
except that the varying part VP2 and the fifth capacitor C5 are
disposed at the second output terminal O2 instead of between
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the first output terminal O1 and the second reference terminal
REF2, and thus any repetitive detailed explanation may here-
inafter be omitted.

Since the varying part VP2 is connected to the second
output terminal O2 in series, an output terminal O3 of the
varying part VP2 outputs the second voltage VSS2.

The first and second voltages VSS1 and VSS2 according to
the illustrated exemplary embodiment are substantially the
same as the first and second voltages VSS1 and VSS2 accord-
ing to the exemplary embodiment in FIGS. 2-6, and an effect
in accordance with the illustrated exemplary embodiment of
FIG. 7 is equal to an effect in accordance with the exemplary
embodiment in FIGS. 2-6. Thus, a detailed description
thereof will be omitted.

FIG. 8 is a circuit diagram showing another exemplary
embodiment of a voltage generating circuit, according to the
invention.

The gate drive circuit and the stage included in the gate
drive circuit according to the illustrated exemplary embodi-
ment, are substantially the same as the gate drive circuit and
the stage included in the gate drive circuit of FIGS. 4 and 5,
except that a low level of each of clock signals CK is a third
voltage VSS2F that is a fixed voltage, instead of the second
voltage VSS2 that is varied in accordance with a time, and
thus a detailed description thereof will be omitted.

The display apparatus according to the illustrated exem-
plary embodiment is substantially the same as the display
apparatus of FIG. 1 except that the display apparatus accord-
ing to the illustrated exemplary embodiment includes the
voltage generating circuit 530 instead of the voltage generat-
ing circuit 510 of FIG. 2, and thus any repetitive detailed
description thereof will be omitted.

Referring to FIGS. 1, 2 and 8, the voltage generating circuit
530 generates the first voltage VSS1 and the second voltage
VSS2 based on the switching voltage SW.

The voltage generating circuit 530 includes a first charge
pumping part 511 and a second charge pumping part 533. The
second charge pumping part 533 includes a varying part VP3.

The second charge pumping part 533, and the voltage
generating circuit 530 including the second charge pumping
part 533 are substantially the same as the second charge
pumping part 513 and the voltage generating circuit 510
including the second charge pumping part 513 of FIG. 2,
except that the varying part VP3 and the fifth capacitor C5 are
disposed at the second output terminal O2 instead of between
the first output terminal O1 and the second reference terminal
REF2, the varying part VP3 only includes a first resistor R1
that is a fixed resistor, and the second output terminal O2
outputs the third voltage VSS2F. Thus, any repetitive detailed
explanation may hereinafter be omitted.

Since the varying part VP3 is connected to the second
output terminal O2 in series, the output terminal O4 of the
varying part VP3 outputs the second voltage VSS2.

Moreover, the third voltage VSS2F that is an output of the
second output terminal O2, is provided to the clock signal
generating circuit 590, and thus the third voltage VSS2F may
be used as a low level of the clock signal CK.

FIG. 9 is a waveform diagram showing an exemplary
embodiment of a clock signal generated by using the third
voltage VSS2F of FIG. 8.

Referring to FIGS. 6, 8 and 9, the clock signal CK repeat-
edly has a high voltage VDD and a third voltage VSS2F.
Where the second voltage VSS2 of the exemplary embodi-
ment in FIGS. 2-6 is varied in accordance with a time, e.g.,
VSS2_1 and VSS2_2. However, the third voltage VSS2F of
the illustrated exemplary embodiment is uniform in accor-
dance with a time.
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In one exemplary embodiment, for example, the third volt-
age VSS2F of the clock signal CK may be in a range of about
-10.7 V to about —11.2 V regardless of time.

FIG. 10 is waveform diagrams showing an exemplary
embodiment of input/output signals of a gate driving circuit
which uses output voltages of FIG. 8

Referring to FIGS. 5, 6, 8 and 10, since a low level of the
clock signal CK is the third voltage VSS2F, a low level of an
m-th node signal CKNm, which is applied to the Nnode N by
the switching part 270 for the remaining interval of a frame,
may be the third voltage VSS2F.

In the illustrated exemplary embodiment, the NTC ther-
mistor may be omitted, which is included in the voltage
generating circuit of FIGS. 2-6 and FIG. 7.

When the voltage generating circuit includes the NTC
thermistor, an inverse voltage higher than a voltage of the first
output terminal O1 may be applied to the second output
terminal O2 in accordance with a resistance of the NTC
thermistor.

That is, where the voltage generating circuit acc does not
include the NTC thermistor, leakage current of the sixth,
ninth and tenth transistors T6, T9 and T10 is reduced or
effectively prevented. In addition, power consumption of the
gate drive circuit 200 may be decreased and a high tempera-
ture margin may be secured.

FIG. 11 is a circuit diagram showing another exemplary
embodiment of a voltage generating circuit, according to the
invention

In the illustrated exemplary embodiment, a waveform dia-
gram of a clock signal, a gate drive circuit, a plurality of stages
included in the gate drive circuit and waveform diagrams of
input/output signals of the gate drive circuit are substantially
the same as in FIGS. 3, 4, 5 and 6. Thus, any further expla-
nations concerning the above will be omitted.

The display apparatus according to the illustrated exem-
plary embodiment is substantially the same as the display
apparatus of FIG. 1 except that the display apparatus accord-
ing to the illustrated exemplary embodiment includes the
voltage generating circuit 540 instead of the voltage generat-
ing circuit 510 of FIG. 2, and thus any repetitive detailed
description thereof will be omitted.

Referring to FIGS. 1, 2 and 11, the voltage generating
circuit 540 generates the first voltage VSS1 and the second
voltage VSS2 based on the switching voltage SW.

The voltage generating circuit 540 includes a first charge
pumping part 511 and a second charge pumping part 543. The
second charge pumping part 543 includes a varying part VP4.

The second charge pumping part 543 and the voltage gen-
erating circuit 540 including the second charge pumping part
543 are substantially the same as the second charge pumping
part 513 and the voltage generating circuit 510 including the
second charge pumping part 513 of FIG. 2, except that the
varying part VP4 and the fifth capacitor C5 are disposed at the
second output terminal O2 instead of between the first output
terminal O1 and the second reference terminal REF2, and the
varying part VP4 only includes only a first resistor R1 that is
a fixed resistor. Thus, any repetitive detailed explanation may
hereinafter be omitted.

Since the varying part VP4 is connected to the second
output terminal O2 in series, the output terminal O4 of the
varying part VP4 outputs the second voltage VSS2.

According to the illustrated exemplary embodiment, an
interval voltage between the first voltage VSS1 and the sec-
ond voltage VSS2 is decreased when the gate drive circuit 200
is initially driven, power consumption of the gate drive circuit
200 may be decreased. In addition, initial driving defects such
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as low temperature defects may be prevented, which will be
generated due to that a bootstrap of the Q node Q is not
normally completed.

Moreover, when the gate drive circuit 200 is aged, an
interval voltage between the first voltage VSS1 and the sec-
ond voltage VSS2 is increased so that a high temperature
margin may be secured.

Furthermore, the voltage generating circuit 540 may have a
simple structure rather than the voltage generating circuit of
the previous exemplary embodiments in FIGS. 2-10.

FIG. 12 is a circuit diagram showing another exemplary
embodiment of a voltage generating circuit, according to the
invention.

In the illustrated exemplary embodiment, a waveform dia-
gram of a clock signal, a gate drive circuit, a plurality of stages
included in the gate drive circuit and waveform diagrams of
input/output signals of the gate drive circuit are substantially
the same as in FIGS. 3, 4, 5 and 6. Thus, any further expla-
nations concerning the above will be omitted.

The display apparatus according to the illustrated exem-
plary embodiment is substantially the same as the display
apparatus of FIG. 1 except that the display apparatus accord-
ing to the illustrated exemplary embodiment includes the
voltage generating circuit 550 instead of the voltage generat-
ing circuit 510 of FIG. 2, and thus any repetitive detailed
description thereof will be omitted.

Referring to FIGS. 1, 2 and 12, the voltage generating
circuit 550 generates the first voltage VSS1 and the second
voltage VSS2 based on the switching voltage SW.

The voltage generating circuit 550 includes a first charge
pumping part 511 and a second charge pumping part 553. The
second charge pumping part 553 includes a varying part VP5.

The second pumping part 553 and the voltage generating
circuit 550 including the second pumping part 553, are sub-
stantially the same as the second charge pumping part 513 and
the voltage generating circuit 510 including the second
charge pumping part 513 of FIG. 2, except that the varying
part VP5 includes only a first resistor R1 that is a fixing
resistor, and thus any repetitive detailed explanation may be
hereinafter omitted.

According to the illustrated, an interval voltage between
the first voltage VSS1 and the second voltage VSS2 is
decreased when the gate drive circuit 200 is initially driven,
and power consumption of the gate drive circuit 200 may be
decreased. In addition, initial driving defects such as low
temperature defects may be prevented, which will be gener-
ated due to that a bootstrap of the Q node Q is not normally
completed.

Moreover, when the gate drive circuit 200 is aged, an
interval voltage between the first voltage VSS1 and the sec-
ond voltage VSS2 is increased so that a high temperature
margin may be secured.

Furthermore, similar to the exemplary embodiment in FIG.
11, the voltage generating circuit may have a simple structure
rather than the voltage generating circuit of the previous
exemplary embodiments in FIGS. 2-10.

FIG. 13 is a circuit diagram showing a voltage generating
circuit according to a comparative embodiment.

Referring to FIG. 13, a voltage generating circuit 560
according to the comparative embodiment includes a second
charge pumping part 563, in which a varying part VP1 is
removed from the second charge pumping part 513 of the
exemplary embodiment in FIGS. 2-6, and a varying part VP5
is removed from the second charge pumping part 553 of the
exemplary embodiment in FIG. 12
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A sample circuit of the voltage generating circuit 560
according to a comparative embodiment was designed so that
the second charge pumping part 563 outputs a second voltage
VSS2 of about -10.7 V.

In the comparative embodiment, since the second charge
pumping part 563 does not include a varying part, the second
voltage VSS2 is not varied in accordance with time.

A sample circuit of the voltage generating circuit 510 in
FIG. 2 was designed as that a resistance value of the second
resistor R2 ofthe varying part VP1 as shown in FIG. 2 is about
10 kilo-ohms (k€2), and a resistance value of the first resistor
R1 as shown in FIG. 2 is about 360 ohms (€2).

FIG. 14A is a waveform diagram showing a relationship
between time and the second voltage VSS2 of the sample
circuit of the voltage generating circuit 510 in FIG. 2. FIG.
14B is a waveform diagram showing a relationship between
temperature and the second voltage VSS2 of the sample cir-
cuit of the voltage generating circuit 510 in FIG. 2.

Referring to FIGS. 2 and 14A, the second voltage VSS2
was about 9.5 V when the voltage generating circuit 510 is
initially driven, the second voltage VSS2 was decreased to
about -10.5 V in accordance with an aging of the voltage
generating circuit 510, and the second voltage VSS2 was
saturated to about —10.5 V after a predetermined time.

Referring to FIGS. 2 and 14B, the second voltage VSS2
was about —=9. V when a driving temperature of the voltage
generating circuit 510 was about 0 degree Celsius, and the
second voltage VSS2 was about -9.5 V when the driving
temperature of the voltage generating circuit 510 was about
25 degrees Celsius. The second voltage VSS2 was about —-11
V when the driving temperature of the voltage generating
circuit 510 was about 70 degrees Celsius

A first sample circuit of the voltage generating circuit 550
in FIG. 12 was designed as that a resistance value of the first
resistor R1 of the varying part VP5 as shown in FIG. 12 is
about 120 kQ.

FIG. 15 is a waveform diagram showing a relationship
between time and a second voltage VSS2 of the first sample
circuit of the voltage generating circuit 550 in FIG. 12.

Referring to FIGS. 12 and 15, the second voltage VSS2 was
about -9.5V when the gate drive circuit 200 is initially driven,
and the second voltage VSS2 was gradually decreased in
accordance with an aging of the voltage generating circuit
540.

A second sample circuit of the voltage generating circuit
550 in FIG. 12 was designed as that a resistance value of the
first resistor R1 of the varying part VP5 as shown in FIG. 12
is about 560 kQn.

FIG. 16 is a waveform diagram showing a relationship
between time and a second voltage of a second sample circuit
of a voltage generating circuit according to Exemplary
Embodiment 5.

Referring to FIGS. 12 and 16, the second voltage VSS2 was
about —-9.8V when the voltage generating circuit 550 is ini-
tially driven, and was gradually decreased in accordance with
aging of the voltage generating circuit 550.

The following Table 1 shows the second voltages VSS2
generated by the sample circuit of comparative embodiment
of FIG. 13, the sample circuit of FIG. 2, the first sample circuit
of FIG. 12 and a second sample circuit of FIG. 12.

TABLE 1
VDD VSs1 VSSs2
V] V] V]
Sample Circuit of comparative 20.06 -5.4 -10.7

embodiment (FIG. 13)
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TABLE 1-continued
VDD VSS1 V882
V] V] V]
Sample Circuit of FIG. 2 20.06 -5.4 -9.5
First Sample Circuit of FIG. 12 20.06 -5.4 -9.5
Second Sample Circuit of FIG. 12 20.06 -5.4 -9.8

In each sample circuit above, the high voltage generating
circuit 570 (FIG. 1) outputted a high voltage VDD of about
20.06 V, and the first charge pumping part 511 outputted a first
voltage VSS1 of about -5.4 V.

On the basis on a voltage value of the high voltage VDD
and the second voltage VSS2 described above, a power con-
sumption of the gate drive circuit 200 in accordance with the
sample circuit of comparative embodiment is compared with
power consumptions of the gate drive circuit 200 in accor-
dance with the sample circuit of FIGS. 2 and 12 detailed
above.

Referring to Table 1 and FIG. 14A, the sample circuit of
FIG. 2 outputted the second voltage VSS2 of about -9.5V
when the gate drive circuit 200 was initially driven, however,
the sample circuit of the comparative embodiment outputted
the second voltage VSS2 of about —10.7V when the gate drive
circuit 200 was initially driven.

When the high voltage VDD was about 20.06 V, an ampli-
tude AV of a clock signal in the exemplary embodiment of
FIGS. 2-6 was about 29.56. However, an amplitude AV of a
clock signal according to the comparative embodiment was
about 30.76. Thus, a decreased amount of an amplitude of a
clock signal was about 4% (e.g., 29.56/30.76=0.96). A
decreased amount of substantial power consumption may de
defined as a following Equation 1.

[Equation 1]

ASGpoymr=CxfXAV?

Here, ‘C’ denotes a capacitance of the gate drive circuit
200, ‘f* denotes a driving frequency, and ‘AV’ denotes an
amplitude of a clock signal.

Thatis, a substantial decreased amount of power consump-
tion may be determined from AV?2,

Since a decreased amount of AV is about 0.96, a decreased
amount of AV? is about 0.92 (=0.96x0.96). Thus, a power
consumption of the gate drive circuit 200 due to an output of
the sample circuit according to FIGS. 2-6 may be decreased
by about 8% with respect to a power consumption of a gate
drive circuit 200 due to an output of the sample circuit accord-
ing to the comparative embodiment.

Referring to Table 1 and FIG. 15, the first sample circuit of
FIG. 12 outputted the second voltage VSS2 of about -9.5V
when the gate drive circuit 200 was initially driven, however,
the sample circuit of the comparative embodiment outputted
the second voltage VSS2 of about -10.7 V when the gate drive
circuit 200 was initially driven.

When the high voltage VDD was about 20.06 V, an ampli-
tude AV of the clock signal in the exemplary embodiment of
FIG. 12 was about 29.56. However, an amplitude AV of the
clock signal of the comparative embodiment was about 30.76.
Thus, a decreasing amount of the amplitude AV of the clock
signal was about 4% (29.56/30.76=0.96).

Thatis, a substantial decreased amount of power consump-
tion may be determined from AV?2,

Since a decreased amount of AV is about 0.96, a decreased
amount of AV? is about 0.92 (=0.96x0.96). Thus, a power
consumption of the gate drive circuit 200 due to an output of
the first sample circuit according to FIG. 12 may be decreased
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by about 8% with respect to a power consumption of a gate
drive circuit 200 due to an output of the sample circuit accord-
ing to the comparative embodiment.

Referring to Table 1 and FIG. 16, the second sample circuit
of FIG. 12 outputted the second voltage VSS2 of about -9.8
V when the gate drive circuit 200 was initially driven, how-
ever, the sample circuit of the comparative embodiment out-
putted the second voltage VSS2 of about -10.7 V when the
gate drive circuit 200 was initially driven.

When the high voltage VDD was about 20.06 V, an ampli-
tude AV of the clock signal in the exemplary embodiment if
FIG. 12 was about 29.86. However, an amplitude AV of the
clock signal of the comparative embodiment was about 30.76.
Thus, a decreasing amount of the amplitude AV of the clock
signal was about 3% (29.86/30.76=0.97).

Moreover, a substantial decreased amount of power con-
sumption may be determined from AV?.

Since a decreased amount of AV is about 0.96, a decreased
amount of AV? is about 0.94 (=0.97x0.97). Thus, a power
consumption of the gate drive circuit 200 due to an output of
the second sample circuit according to FIG. 12 may be
decreased by about 8% with respect to a power consumption
of a gate drive circuit 200 due to an output of the sample
circuit according to the comparative embodiment.

FIG. 17 is a graph showing a simulation result for compar-
ing power consumption by a sample circuit according to FIG.
1, and power consumption by a sample circuit according to a
comparative embodiment.

The gate drive circuit 200 as shown in FIG. 4 was driven by
using the high voltage VDD, the first voltage VSS1 and the
second voltage VSS2 in accordance with the comparative
embodiment. Due to the high voltage VDD, the first voltage
VSS1 and the second voltage VSS2, the gate drive circuit 200
consumed power of about 123.77 milliwatts (mW), about
66.34 milliwatts (mW) and about 0.4 milliwatt (mW), respec-
tively. That is, total power consumption of the gate drive
circuit 200 of the comparative embodiment was about 190.51
mW.

In comparison, the gate drive circuit 200 was driven by
using the high voltage VDD, the first voltage VSS1 and the
second voltage VSS2 in accordance with FIGS. 2-6. Due to
the high voltage VDD, the first voltage VSS1 and the second
voltage VSS2, the gate drive circuit 200 consumed power of
about 117 mW, about 46.09 mW and about 0.2 mW, respec-
tively. That is, total power consumption of the gate drive
circuit 200 of FIGS. 2-6 was about 163.29 mW.

Therefore, a power consumption of the gate drive circuit
200 due to an output of the sample circuit according to FIGS.
2-6 may be decreased by about 14% with respect to a power
consumption of a gate drive circuit 200 due to an output of the
sample circuit according to the comparative embodiment.

The foregoing is illustrative of the invention and is not to be
construed as limiting thereof. Although a few exemplary
embodiments of the invention have been described, those
skilled in the art will readily appreciate that many modifica-
tions are possible in the exemplary embodiments without
materially departing from the novel teachings and advantages
of the invention. Accordingly, all such modifications are
intended to be included within the scope of the invention as
defined in the claims. In the claims, means-plus-function
clauses are intended to cover the structures described herein
as performing the recited function and not only structural
equivalents but also equivalent structures. Therefore, it is to
be understood that the foregoing is illustrative of the inven-
tion and is not to be construed as limited to the specific
exemplary embodiments disclosed, and that modifications to
the disclosed exemplary embodiments, as well as other exem-
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plary embodiments, are intended to be included within the
scope of the appended claims. The invention is defined by the
following claims, with equivalents of the claims to be
included therein.

What is claimed is:

1. A voltage generating circuit comprising:

afirst charge pumping part pumping a switching voltage, in
response to a reference voltage received through a first
reference terminal, and outputting a first voltage through
a first output terminal; and

a second charge pumping part pumping the switching volt-
age, in response to the first voltage, and outputting a
second voltage through a second output terminal, the
second voltage being lower than the first voltage and
being decreased in accordance with time due to an aging
of the voltage generating circuit, and

wherein the second charge pumping part includes a first
resistor connected between the first output terminal and
a second reference terminal which is between the first
output terminal and the second output terminal.

2. The voltage generating circuit of claim 1, wherein the

second charge pumping part further comprises:

a first diode including a cathode connected to the second
reference terminal,

a second diode including a cathode connected to an anode
of the first diode, and an anode connected to the second
output terminal of the second charge pumping part out-
putting the second voltage;

a first capacitor including a first terminal connected
between the first and second diodes, and a second ter-
minal connected to an input terminal of the second
charge pumping part receiving the switching voltage;
and

a second capacitor including a first terminal connected to
the second output terminal of the second charge pump-
ing part, and a second terminal connected to the first
reference terminal receiving the reference voltage.

3. The voltage generating circuit of claim 2, wherein the
second charge pumping part further comprises a third capaci-
tor connected between a cathode of the first diode and the first
reference terminal.

4. The voltage generating circuit of claim 3, wherein the
second charge pumping part further comprises a second resis-
tor connected to the first resistor in parallel between the first
output terminal and the second reference terminal, and con-
figured to have a resistance value which decreases as a tem-
perature increases.

5. A voltage generating circuit comprising:

afirst charge pumping part pumping a switching voltage, in
response to a reference voltage received though a first
reference terminal, and outputting a first voltage through
a first output terminal; and

a second charge pumping part pumping the switching volt-
age, in response to the first voltage, and outputting a
second voltage through a second output terminal, the
second voltage being lower than the first voltage and
being decreased in accordance with time due to an aging
of the voltage generating circuit,

wherein the second charge pumping part comprises:

a first diode including a cathode connected to the first
output terminal;

a second diode including a cathode connected to an anode
of the first diode;

a first resistor including a first terminal connected to an
anode of the second diode and a second terminal con-
nected to the second output terminal;
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a first capacitor including a first terminal connected
between the first and second diodes, and a second ter-
minal connected to an input terminal of the second
charge pumping part receiving the switching voltage;
and

a second capacitor including a first terminal connected to
the first terminal of the first resistor, and a second termi-
nal connected to the first reference terminal receiving the
reference voltage,

wherein a first directional path is formed between the cath-
ode of the first diode and the second terminal of the first
resistor.

6. The voltage generating circuit of claim 5, wherein the
second charge pumping part further comprises a third capaci-
tor connected to the second terminal of the first resistor and
the first reference terminal.

7. The voltage generating circuit of claim 6, wherein the
second charge pumping part further comprises a third output
terminal outputting a third voltage, in which the switching
voltage is pumped in response to the first voltage.

8. The voltage generating circuit of claim 7, wherein the
third voltage is a clock signal of a low level.

9. The voltage generating circuit of claim 6, wherein the
second charge pumping part further comprises a second resis-
tor connected to the first resistor in parallel between the anode
of the second diode and the second output terminal, the sec-
ond resistor configured to have a resistance value which
decreases as a temperature increases.

10. A display apparatus comprising:

a display panel comprising:

a display area on which gate wiring, and source wiring
crossing the gate wiring, are disposed and configured
to display images; and

a peripheral area surrounding the display area;

a source drive circuit outputting a plurality of a data signal
to the source wiring;

a voltage generating circuit comprising:

a first charge charging pumping part pumping a switch-
ing voltage, in response to a reference voltage
received through a first reference terminal, and out-
putting a first voltage through a first output terminal;
and

a second charge pumping part pumping the switching
voltage, in response to the first voltage, and outputting
a second voltage through a second output terminal,
the second voltage being lower than the first voltage
and being decreased in accordance with time due to an
aging of the voltage generating circuit; and

a gate drive circuit disposed on the peripheral area, and
generating a gate signal, the gate drive circuit providing
the gate wiring with a gate signal of a high level at a first
interval, and providing the gate wiring with a gate signal
of'a low level based on the first and second voltages at a
second interval, and

wherein the second charge pumping part includes a first
resistor connected between the first output terminal and
a second reference terminal which is between the first
output terminal and the second output terminal.

11. The display apparatus of claim 10, wherein the second

charge pumping part further comprises:

a first diode including a cathode connected to the second
reference terminal,

a second diode including a cathode connected to an anode
of the first diode, and an anode connected to the second
output terminal of the second charge pumping part out-
putting the second voltage;

a first capacitor including a first terminal connected
between the first and second diodes, and a second ter-
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minal connected to an input terminal of the second
charge pumping part receiving the switching voltage;
and

a second capacitor including a first terminal connected to
the second output terminal of the second charge pump-
ing part, and a second terminal connected to the first
reference terminal receiving the reference voltage.

12. The display apparatus of claim 11, wherein the second
charge pumping part further comprises a second resistor con-
nected to the first resistor in parallel between the first output
terminal and the second reference terminal, wherein the sec-
ond resistor has a resistance value which decreases as a tem-
perature increases.

13. The display apparatus of claim 10, wherein the gate
drive circuit comprises a plurality of stages, each stage com-
prising:

a pull-up part outputting a high voltage of a clock signal as

a high voltage of a gate signal, in response to a high
voltage of a first node;

a pull-down part pulling down the high voltage of the gate
signal to the first voltage, in response to a high voltage of
a carry signal of one of the stages corresponding to a
following stage;

a first maintaining part maintaining the gate signal to the
first voltage in response to the clock signal; and

a second maintaining part maintaining a voltage of the first
node to the second voltage, in response to the clock
signal.

14. The display apparatus of claim 13, wherein the each

stage further comprises:

a carry part outputting the clock signal as a carry signal, in
response to the voltage of the first node; and

a discharging part discharging the voltage of the first node
to the second voltage, in response to the carry signal of
the one of the stages corresponding to the following
stage.

15. The display apparatus of claim 14, wherein the each

stage further comprises:

a third maintaining part maintaining the voltage of the first
node to the second voltage, in response to a carry signal
of one of the stages corresponding to a previous stage;

a fourth maintaining part maintaining the voltage of the
first node to the second voltage, in response to the carry
signal of the one of the stages corresponding to the
following stage; and

a fifth maintaining part maintaining an output voltage of
the carry part to the second voltage, in response to the
carry signal of the one of the stages corresponding to the
following stage.

16. The display apparatus of claim 14, wherein the each

stage further comprises:

a switching part discharging a voltage of a second node to
the first voltage during the first interval in which the high
voltage of the carry signal is outputted, and applying a
signal synchronized with the clock signal to the second
node during the remaining interval except the first inter-
val.

17. The display apparatus of claim 14, wherein the each

stage further comprises:

a buffer part applying a carry signal to the first node of one
of the stages corresponding to a previous stage, in
response to a carry signal of one of the stages corre-
sponding to a previous stages; and

a charging part connected between the first node and an
output part of the pull-up part.
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